Abstract-
I. INTRODUCTION
C OMMON-VIEW (CV) global positioning system (GPS) time transfer is a differential method that can reduce the effects of the selective availability (SA) in a straightforward manner [1] . Receivers in two locations simultaneously listen to the same satellite and fit arrival times relative to their local time scale. Data exchange allows the relative timing of two local time scales to be compared, removing any SA clock dither as common-mode noise [2] . The CV technique, however, requires identical receivers at both ends and an optimum view schedule, which may not be convenient to both participants [3] . This method of clock comparison, which is frequently done using a cesium, rubidium, or maser clock, can now reach an uncertainty of a few nanoseconds [4] , [5] .
The rubidium frequency standards are compact, have a good short-term stability, cost considerably less than a cesium clock, and are long-lived. But they must be periodically adjusted to maintain long-term frequency accuracy (of the order of weeks to months). Their frequency can be adjusted smoothly and precisely through the C-field with reference to a better standard. Some laboratories are using a rubidium clock as a standalone, free-running time and frequency reference [7] . However, the performance of these rubidium clocks can be improved when they are locked to a satellite time transfer system in a controlled environment. H. Jardón is with the Centro de Investigación y Estudios Avanzados del Instituto Politécnico Nacional, Col. S. P. Zacatenco C.P. 07000, Mexico (email: hjardon@mvax1.red.cinvestav.mx).
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described herein provide evidence of this improvement and in our case, constitute a means for LAPEM to eventually obtain traceability to CENAM using the GPS system and a rubidium frequency standard. The TTR-6/TTR-6A GPS [6] time transfer receivers are frequently used for realizing the CV time transfer. These receivers are precision timing systems that utilize the clear access, C/A, code transmitted by the NAVSTAR (GPS) satellites [1] , [3] . With worldwide access to the UTC/GPS time scales transmitted using the C/A code, the TTR-6/6A, single satellite, receivers perform state-of-the-art time measurements. The TTR-6 can be used in CV mode wherein time comparison between remote sites tracking the same satellite cancels the ephemeris (position) errors and enables time coordination better than 5 ns. Two TTR-6 data output formats are available, called the NIST or BIPM format. The reason for these formats is to standardize the data making comparison for CV possible [8] . Both kinds of receivers, TTR-6/6A, were used in this work. Since March 1996, CENAM has contributed to UTC [9] using a TTR-6 receiver (serial number (S/N) 247) with the BIPM format, according to the BIPM tracking schedule for international time and frequency comparisons by GPS common views. Recently, CENAM bought a new TTR-6 (S/N 448), which was calibrated at NIST. On the other hand, the Mexican Power Electric Company (Comisión Federal de Electricidad, CFE) via its Test on Equipment and Materials Laboratory (Laboratorio de Pruebas y Equipos de Mexico, LAPEM), has been using a TTR-6A (S/N 284) receiver like a secondary standard in its time and frequency calibration services. The TTR-6A contains an internal rubidium source that can be corrected by GPS satellite [3] , [7] to average its frequency good to approximately . It also provides corrected pulse per second (PPS) outputs, which are steered by the satellite to about 500 ns relative to GPS time. With these characteristics a TTR-6A receiver can serve as a stand-alone frequency or timing reference standard.
When properly applied, the CV technique is implemented with the same type of receiver at both ends. Nevertheless, in our case, LAPEM already has a TTR-6A receiver, which is not quite suitable for this purpose. Accordingly, in order to properly apply the CV technique to the LAPEM-CENAM link, it was necessary to program the BIPM tracking schedule for international comparisons into a TTR-6A receiver. The results of the CV time transfer technique applied to this link are presented. These results are compared with the ones obtained directly from the GPS, that is, LAPEM-GPS time, and those data previously obtained by LAPEM in the LAPEM-USNO link. 
II. EXPERIMENTAL RESULTS
The data analyzed in this paper was taken from modified Julian date (MJD) 50 563 (Friday, April 25, 1997) to 50 960 (Wednesday, May 27, 1998). During this period of time there were some gaps (see Table I ). These data are expressed as time differences between LAPEM time reference and other references, that is, LAPEM-X, where X, could be GPS time, UTC(USNO) or UTC(CENAM); in the last two cases we give only LAPEM-USNO and LAPEM-CENAM, respectively.
At the first stage of this work, we analyzed the data, from MJD 50563 to 50583, obtained directly from the LAPEM-USNO link. Then, using a TurboRogue ICS-4000Z GPS receiver, from MJD 50638 to 50645, precise positioning of the GPS TTR-6A antenna at LAPEM was achieved with an uncertainty less than 1.50 m. After that, on MJD 50678, the internal TTR-6A rubidium frequency reference was adjusted to correct the frequency drift accumulated to that moment (Fig. 1) . In the second stage of this work, from MJD 50 679 to 50 686, several tests and experiments were performed in order to verify the correct programming of the BIPM tracking schedule in TTR-6A.
Several communications problems made difficult the data link between both stations, CENAM and LAPEM. Nevertheless, we could evaluate the frequency accuracy and the frequency drift from MJD 50 826 to 50 874. These data were used to adjust the internal TTR-6A rubidium frequency standard on MJD 50 960. From MJD 50 883 to 50 926, the data link between CENAM and LAPEM was interrupted in order to calibrate both receivers, TTR-6 and TTR-6A; this was done using the TTR-6 (S/N 448) [10] - [12] .
The equation that relates time drift between pairs of measurements, , is [3] , [13] (1)
where the first term, , is the synchronization error or the initial time set error and it is given in seconds, [s]; the second term, coefficient ( ), is due to imperfect knowledge of the mean frequency and is sometimes called synchronization error; in others words, it is the initial frequency error and is given in [s/s]. In the quadratic term, is the drift rate coefficient and the unit for this term is [s/s ]. Finally, is the random component of the time deviation . In Fig. 1 , we plot the CV results for the LAPEM-USNO link, from MJD 50 563 to 50683, in which precise positioning at the LAPEM station was not applied. In this graphic we can see the model used to estimate the deterministic deviation of obtained from (1) . In this case, the synchronization error was s, the synchronization error was s/s, and the drift rate coefficient was very small, s/s , which corresponds to 1.01 ps/s/day. Residuals for this case are plotted in Fig. 2 .
The LAPEM-GPS time data and the model used in this case, from MJD 50826 to 50 874 are given in Fig. 3 . The residuals of these data are shown in Fig. 4 . In this case we obtained a synchronization error of s, a synchronization error of s/s, and a drift rate coefficient of s/s , corresponding to 0.46 ps/s/day, which is lower than the later case, the LAPEM-USNO link.
The CV results for the LAPEM-CENAM link and the model, from MJD 50 826 to 50 874, which is the same period of time for the last case, are presented in Fig. 5 . The residuals are shown in Fig. 6 . In this case we got a synchronization error of s, a synchronization error of s/s, and a drift rate coefficient of s/s , corresponding to 0.46 ps/s/day, which is the same value for the LAPEM-GPS time link. In Table II, 
III. CONCLUSIONS
In order to increase the long-term accuracy of the internal TTR-6A rubidium frequency standard from LAPEM, the CV technique was applied to the LAPEM-CENAM link in a certain way. This procedure was used successfully, instead of doing corrections using the LAPEM-GPS time data directly. We analyzed the LAPEM-CENAM link, which is obtained for subtracting the CENAM-GPS time data from the LAPEM-GPS time data, that is
When we observe Fig. 3 , the LAPEM-GPS time data are in the order of 250 s, in contrast with CENAM-GPS time data, which are less than 300 ns (Fig. 5) ; according to (2) , this fact explains why there is no significant difference between the residuals shown in Figs. 4 and 6 . In addition, analyzing Table II , it can be concluded that the synchronization error, the synchronization error, and the drift rate coefficient for the LAPEM-GPS time link predominated when we realized the LAPEM-CENAM link. So, in order to take real advantage in the realization of the LAPEM-CENAM link, it is necessary to adjust the internal TTR-6A rubidium frequency standard at least two times per month. The advantages of this link are that errors due to ionospheric and tropospheric perturbations and selective availability (SA) can be canceled, because the short distance, less than 200 km, between CENAM and LAPEM, allows us to consider those errors as common-noise.
In the CENAM-GPS time link there is a synchronization error of , which could be due to several factors, such as differences involved with the field, spurious magnetic fields, difference between the altitude in our laboratory, and the "equivalent altitude" for GPS clocks.
Although the LAPEM-CENAM link was affected after a period of 180 days without any adjustments of the internal TTR-6A rubidium clock, the drift rate coefficient for this link was the lowest and its effect can be determined when, in Fig. 5 , we observe a parabola flatter than that obtained for the LAPEM-USNO link (Fig. 1) . 
